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LIPOSOME GEL COMPOSITION AND METHOD 

1 . Field of the Invention 

10 The present invention relates to a high-viscosity 

liposome gel composition, and to methods of making and 
using the composition. 
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3 • Background of the Invention 

Lipid bilayer vesicles, or liposomes, have been 
proposed for use in a variety of topical applications. 
In the cosmetics industry, liposome formulations are 
currently sold as a lipid supplement to enhance dry or 
aging skin. Liposomes may also be useful for applying 
compounds, such as ultraviolet -blocking agents, vitamin 
A, retin, and the like to the skin, to achieve greater 
drug solubility or skin compatibility, reduced irritation 
from the drug, and/or extended drug release. 

Liposomes also offer the potential of improved 
transdermal drug delivery. it is known, for example, 
that liposomes are able to facilitate the uptake of 
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certain lipophilic compounds, such as anti-inflammatory 
steroid compounds, across the skin barrier (Mezei, 1982, 
1983), and the drug-uptake characteristics of the lipo- 
somes can be modulated by varying lipid composition in 
5 the liposomes. Additionally, the liposomes can be formu- 
lated with coentrapped agents, such as azacycloalkane-2- 
ones, which facilitate transdermal uptake of drugs (U.S. 
Patent No. 4,316,893), to improve and/or modulate trans- 
dermal drug release characteristics. 

10 Liposomes are also promising drug-delivery vehicles 

for sustained drug release on mucosal surfaces, including 
corneal tissue. In ophthalmic use, for example, lipo- 
somes can provide delayed drug release, and greater 
solubility of lipid-soluble drugs, for release at the 

15 corneal surface, and liposomes alone are useful as a 

lipid supplement for dry eye (U.S. Patent No. 4,818,537). 
Additionally, liposomes can be engineered for enhanced 
retention on mucosal surfaces, to extend the period of 
effective drug delivery with each liposome application 

20 (U.S. Patent No. 4,804,539). 

In all of the above topical uses of liposomes, it is 
generally desirable to administer the liposome prepara- 
tion in a viscous form. In particular, the ideal lipo- 
some preparation is a gel which is preferably sufficient- 

25 ly viscous to give persistence at the site of applica- 
tion, especially at a wound site or mucosal tissue site. 
In cosmetic applications, the gel material should be 
clear or translucent and preferably be non-greasy to the 
touch. 

30 Heretofore, viscous liposome pastes have been pre- 

pared by forming liposomes at high lipid concentrations, 
for example, by concentrating dilute liposome prepara- 
tions. The high lipid concentrations make these formula- 
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ctions relatively expensive. The viscosity of the paste 
material may also complicate processing steps used for 
example, to sterilize the liposomes or remove non-entrap- 
ped drug molecules . Further, liposome paste preparations 
5 are generally greasy to the touch. 

Liposome gel formulations have been produced hereto- 
fore by suspending liposomes in gel-forming colloidal 
materials, such as Hydrogel™, collagen, synthetic poly- 
mers, and the like. Although liposome-in-gel formula- 
tions of this type can be prepared with desired physical 
properties, the gel-forming matrix itself may be toxic or 
otherwise incompatible with the site of application. 



10 



15 



4 • Summary, of the Invention 

It is therefore one object of the invention to 
provide a high-viscosity liposome gel composition which 
provides many of the above-discussed desired features of 
a viscous liposome formulation for topical use. 

It is a more specific object of the invention to 
20 provide a high-viscosity EGF/liposome gel composition 

which can be applied to a wound or surgical incision, for 
retention and sustained release of EGF at the site of 
application. 

It is another object of the invention to provide a 
method for treating a wound or incision with such com- 
position. 

The invention includes, in one aspect, a high-vis- 
cosity liposome gel composition for use in topical ap- 
plication to the skin, in skin wounds, and on mucosal 
30 tissue. The composition includes a suspension of charged 
liposomes in a low-conductivity aqueous suspension medium 
which has a selected P H between about 5.5 and 8.5. The 
charged liposomes contain between about 5-50 weight 
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percent charged vesicle-forming lipids, and the balance 
of neutral vesicle-forming lipids. The concentration of 
lipids in the composition is between about 7-25 weight 
percent and preferably between about 8-12 percent. 
5 The aqueous suspension preferably contains a zwit- 

terionic compound, such as a neutral amino acid, whose 
isoelectric point is at the selected pH of between about 
5.5 and 8.5. 

In one general embodiment, the charged vesicle- 

10 forming lipids include negatively charged lipids phospho- 
lipid components, such as phosphatidylglycerol (PG) . One 
preferred liposome composition includes approximately 
equal weight proportions of PG, phosphatidylcholine (PC), 
and cholesterol. 

15 The EGF/liposome composition of the invention in- 

cludes a high-viscosity suspension of negatively charged 
EGF/liposomes, i.e., liposomes containing EGF in lipo- 
some-ent rapped form. The EGF/liposomes contain neutral 
phospholipid, and at least about 10 weight percent nega- 

20 tively charged phospholipid, and preferably, between 20- 
50 weight percent each of neutral phospholipid, negative- 
ly charged phospholipid, and cholesterol. The total 
lipid concentration of the EGF/liposomes in the composi- 
tion is at least 50 mg/g composition and, preferably 

25 between 50-200 mg/g composition. The EGF may be entrap- 
ped in the EGF/liposomes by encapsulation or surface 
adsorption or a combination of both. 

In another general embodiment, for use in administe- 
ring a drug to mucosal tissue, the charged vesicle-f orm- 

30 ing lipids include positively charged lipid components, 
such as a phosphatidylethanolamine conjugate prepared by 
derivatizing phosphatidylethanolamine with a basic amino 
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acid, or a benzylamine lipid, such as benzyldimethyl- 
stearylammonium chloride (BDSA) . 

The liposome gel composition is formed, according to 
the method of the invention, by adding a mixture of 
5 vesicle-forming lipids containing between about 10-50 
weight percent components having a common charge at a 
selected P H between about 5.5 and 8.5, with a low-conduc- 
txvity aqueous suspension medium, at a final total li pid 
concentration of between about 7-25 weight percent 
The lipids may be added directly to a low-conductivity 
aqueous medium or, alternatively, to an aqueous medium 
containing a zwitterionic compound whose isoelectric 
point is substantially different from that of the P H of 
the medium, such that the medium is not characterized by 
15 low conductivity. Following formation .of a fluidic lipo- 
some suspension, the medium is titrated to a P H at which 
the zwitterionic compound is at its isoelectric point, 
yielding a low-conductivity condition which produces gel 
formation in the suspension. The liposome suspension 
may be more easily sized, freed of. non-liposome-bound 
drug, filter-sterilized or otherwise processed in the 
more fluidic state prior to gelling. 

These and other objects and features of the inven- 
tion will become more fully apparent when the followinc 
detailed description of the invention is read in conjunc- 
tion with the accompanying drawings. 
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Brief Descripti on of the Drawings 
Figure 1 is a plot of viscosity of a liposome su- 
spension formed in accordance with the present invention, 
as a function of concentration of univalent electrolyte- 
Figures 2A-2C show the electrical potential seen by 
charged particles as a function of distance from the 
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surface of a negatively charged liposome for high lipid 
concentration and high inner strength (2A) , low lipid 
concentration and high inner strength (2B) , and low lipid 
concentration and low inner strength (2C) ; 
5 Figure 3 illustrates the change in calculated Debye 

length as a function of univalent electrolyte for charged 
liposomes having lower (solid line) and higher (dashed 
line) surface charge densities; 

Figures 4 and 5 are Scatchard plots of EGF binding 
10 to EPG/EPC and EPG/EPC/cholesterol liposomes, respective- 
ly; 

Figures 6 and 7 are plots of surface pressure, at an 
air/water, interface, of aqueous EGF (Figure 6) and EPG/- 
EPC/cholesterol (Figure 4) , respectively, as a function 

15 of EGF and liposome concentration; 

Figure 8 is a plot of change in surface pressure, as 
a function of initial surface pressure, in the presence 
and absence of EGF in EPC/EPG/cholesterol liposomes (open 
triangles) and PC/PG liposomes (solid circles) ; 

20 Figures 9-12 show the change in free EGF available 

in the donor compartment of a two compartment flux cham- 
ber, plotted as a function of time for free EGF (Figure 
9) and for three EGF/liposome compositions (Figures 10- 
12); 

25 Figures 13-16 show the retention of radiolabled EGF, 

plotted as a function of time, for free EGF (Figure 13), 
and for three EGF/liposome compositions (Figures 14-16); 

Figure 17A-17C illustrate surgical steps in a cor- 
neal implant operation; and 

30 Figures 18A-18C are diagrammatic cross-sections of 

the surgical region of an eye seen in Figures. 17A-17C, 
showing in Figure 18B the introduction of an EGF/liposome 
formulation prepared according to the invention, and in 
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Figure 18C, the residual composition in the eye after an 
extended release period. 

Detailed Description of the Invention 

I. Liposome Gel Compositions 

This section describes components and methods used 
in forming the high-viscosity liposome composition of the 
invention. 

A. Definitions 

As used herein, the terms below have the following 
meaning: 

1. "Neutral vesicle-forming lipids" refers to any 

lipid or lipid mixture (i) capable of forming stable 
lipid bilayer vesicles in the presence of charged vesi- 
cle-forming lipids, at a selected concentration of 
charged lipids between 5-50 weight percent of total 
lipids, and (ii) having a polar head group with no net 
charge at a pH between about 5.5-8.5. 

2. "Charged vesicle-forming lipids" refers to any 
amphipathic lipid (i) capable, at a selected concentra- 
tion between 5-50 weight percent, of forming stable lipid 
bilayers in the presence of neutral vesicle-forming 
lipids, and (ii) having a polar head group with a net 
negative or positive charge at a pH between about 5 5- 

8.5. ; 

3. "Negatively charged phospholipid" refers to any 
vesicle-forming lipid having (i) two hydrocarbon-chain 
moieties which are effective to produce a stable bilayer 
formation, and (ii) a polar, head group with a net nega- 
tive charge at a pH between about 5.5-8.5. 
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4. "Cholesterol" refers to cholesterol or any 
related sterol capable of combining with phospholipids to 
form stable lipid-bilayer vesicles. 

5. "Epidermal Growth Factor" or "EGF" refers to 

5 human-EGF (h-EGF) , typically recombinantly produced human 
EGF (rh-EGF), and to related peptides having the requi- 
site ability to promote the growth of a variety of cells 
of epithelial origin in vitro . 

6. "High-viscosity" or "gel" or "gel-like" refers 
10 to a viscous, relatively non-flowable gel consistency 

which can be applied by squeezing from a tube or syringe, 
but which is sufficiently non-flowable, once applied, to 
be retained in bolus form at a wound or incision site for 
at least several hours . 
*P 7. A "low-conductivity aqueous medium" refers, to 

an aqueous medium whose conductivity is no more than that 
of a fully ionized univalent electrolyte whose concentra- 
tion is between about 5-10 mM. Typically, the low-con- 
ductivity medium is one which reduces the Debye length of 
a charged liposome by no more than half its value at a 
concentration of fully ionized univalent electrolyte of 
about 1 mM. 



20 



B . Lipid Components 

25 The liposome gel composition formed in accordance 

with the invention is prepared to contain between about 
50-95 weight percent neutral vesicle-forming lipids, and 
about 5-50 weight percent, charged vesicle-forming lipids 
which impart a net negative or net positive charge to the 

30 liposome surfaces . 

Preferred neutral vesicle-forming lipids are 
phospholipids, such as phosphatidylcholine (PC), and 
cholesterol. Neutral phospholipids lipids having a 
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10 



variety of acyl chain groups of varying chain length and 
degree of saturation are available, or may be isolated or 
synthesized by well-known techniques. In general, par- 
tially unsaturated phosphatidylcholine (PC) , such as egg 
PC (EPC) or soy PC (SPC) , or fully or partially hydroge- 
nated egg PC (HEPC) or spy PC (HSPC) are readily obtained 
and provide suitable liposome characteristics, such as 
ease of extrusion and stability. 

Cholesterol and related uncharged neutral analogues 
thereof, such as 5, 6, -cholestene and cholestane, are 
typically present at about 20-50 weight percent. Chole- 
sterol is known to increase the stability of liposomes 
and, in the case where the phospholipid components are 
relatively unsaturated, to increase the packing density 
15 of the lipids in the liposomal bilayers. One advantage 
of cholesterol, where the liposomes are applied at a 
wound or surgical site, is potentially reduced toxicity 
due to lipid exchange between the liposomes and cells at 
the wound or surgical site. It has been demonstrated, 
for example, with several cultured tumor cell lines, that 
liposomes containing entrapped epidermal growth factor 
(EGP) inhibit cellular growth in vitro , and that for at 
least some cell lines, this inhibition can be greatly 
reduced by the addition of cholesterol to EPC liposomes 
25 (Mayhew) . 

Preferred negatively charged vesicle-forming lipids 
include negatively charged phospholipids, such as the 
negatively charged phospholipids phosphatidylglycerol 
(PG) , phosphatidylserine (PS) , and phosphatidylinositol 
30 (Pi). 'One preferred negatively charged phospholipid is 
partially or fully saturated PG, such as egg PG (EPG) . 
Alternatively, or in addition, the charged components may 
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preferably include charged cholesterol derivatives such 
as cholesterol sulfate and cholesterol hemisuccinate . 

One preferred type of positively charged vesicle- 
forming lipids include positively charged phospholipids, 
5 such as phoshatidylethanolamine (PE) or phospholipids 
which have been derivatized at their polar head groups 
with amines, to produce a net positive charge. Methods 
of producing derivatized phospholipids of this type are 
described in co-owned U.S. Patent No. 4,804,539. By way 

10 of example, PE can be derivatized with basic amino acids, 
such as lysine, to produce vesicle-forming lipids whose 
positive charge is separated from the phosphate groups of 
the lipid by a several-atom spacer. 

Another general class of positively charged vesicle- 

15 forming lipids include benzyl/aliphatic-chain amines 
which are (a) capable of being anchored in a liposome 
bilayer by virtue of the aliphatic chain, and (b) carry a 
net positive charge at a selected pH between about 5.5 
and 8.5. The aliphatic chain is at least about 12 car- 

20 bons in length, and the amine is preferably a quaternary 
amine whose remaining (two) nitrogen linked groups are 
short-chain alkyl groups, such as methyl or ethyl groups, 
as detailed in U.S. Patent No. 4,818,537. One preferred 
compound is benzyldimethylstearylammonium chloride 

25 (BDSA) . 

Cholesterol amines form another class of positively- 
charged vesicle-forming lipids which are suitable for use 
in the invention. Cholesterol derivatives of the type 
Ch-O-C-Y-N and Ch-NH-Y-N, where ChOH is cholesterol, and 
30 Y is a short carbon-containing chain, have been de- 
scribed. 
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Finally, the charged lipid component may include a 
lipophilic drug which tends to be tightly bound to the 
lipid bilayer phase of the liposomes. 

The lipid components forming the liposomes contain 
5 at least about 5-10 weight percent charged lipid com- 
ponent, and preferably between about 20-40 weight percent 
charged lipid. The balance of the lipids are neutral 
vesicle-forming lipids. The following lipid composi- 
tions, expressed in weight percent, are exemplary: 
10 1. HEPC:EPG, 95:5; 

2. EPC:EPG, 80:20; 

3. EPC:EPG, 50:50; 

4. EPC : EPG : cholesterol , 50:20:30; 

5. EPC: EPG: cholesterol, 33:33:33; 
15 6. EPC: cholesterol sulfate, 80:20; 

7. EPC: cholesterol: cholesterol sulfate 50:30:20; 

8 . FSPC:PE 80:20; 

9. FSPC:lysinyl PE 80:20; 

10. EPC: cholesterol: cholesterol amine 60:20:20; 
20 11. PC:BDSA 90:10; and 

12. PC : BDSA 75:25. 

It is noted that the total amount of neutral and 
charged cholesterol together is preferably no more than 
50 weight percent. Further, it is understood that the 
25 liposome composition may contain a variety of other lipid 
components which may enhance liposome stability, vis- 
cosity, or drug release characteristics, and/or materials 
cost. For example, the liposomes may include a-tocophe- 
rol, or pharmaceutically acceptable analogue thereof, at 
30 a total concentration of between about 0.1 to 2 weight 
percent, to improve lipid stability on storage. 

EGF/liposomes formed in accordance with the inven- 
tion are prepared to contain between 10-90 weight percent 
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neutral phospholipid, and 10-50 weight percent negatively 
charged phospholipid, and preferably between about 20-50 
weight percent each of neutral phospholipid, negatively 
charged phospholipid, and cholesterol. 
5 The negatively charged phospholipid in the composi- 

tion serves two important roles. First, it imparts a 
negative charge to the lipid bilayer membranes, providing 
an electrostatic interaction between the membrane and the 
positively-charged EGF . The adsorption of EFG to the 

10 liposomal membrane will be discussed below. Secondly, 
the relatively high surface charge is important in the 
formation of a gel-like liposome state which is charac- 
terized by a low lipid concentration and high viscosity, 
as described below. 

15 The effect of cholesterol on the rate of EGF release 

from EGF liposomes has been examined both in vitro and in 
vivo, as detailed below. Briefly, cholesterol signifi- 
cantly increased the half-life of EGF release in vivo . 
Another advantage of cholesterol in the EGF/liposome 

20 composition is potentially reduced toxicity due to lipid 
-exchange between the liposomes and cells at the wound or 
surgical site, as noted above. 

C . Low-Conductivity Acrueous Medium 

25 According to an important feature of the invention, 

it has been discovered that hydration of vesicle-forming 
lipids having the above composition with a low-conduc- 
tivity aqueous medium produces a liposome composition 
which is both gel-like in consistency and viscosity, and 

30 has a relatively low lipid concentration. 

More specifically, the combination of surface charge 
on the liposomes, due to the presence of charged lipid 
component (s) and the low-conductivity aqueous medium 
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produces a liposome composition characterized by (a) a 
viscous, gel-like consistency and (b) a relatively low 
lipid concentration , e.g., 50-250 mg/g composition and 7- 
25 weight percent lipid. / ' ■ .. 

5 The aqueous medium preferably includes a zwitterio- 

nic compound whose isoelectric point (at which the com- 
pound is effectively a non-electrolyte) is at the selec- 
ted pH of the medium between pH 5.5 and 8.5. Neutral 
amino acids, such as glycine, isoleucine alanine, pro- 
10 line, and valine are preferred zwitterionic compounds . 
The final concentration of zwitterionic compound in the 
buffer is typically at least about 0.5 percent by weight 
arid preferably between about 1-5 percent by weight, and 
the buffer is adjusted in pH to the isoelectric point of 
15 the compound to achieve the gel state. 

As will be discussed in Section D below, the aqueous 
medium may initially be adjusted to a pH at which the 
zwitterionic compound is substantially in a charged form, 
so that the medium has a relatively high electrolyte 
20 concentration, i.e., a relatively high conductivity. By 
adjusting the pH to the isoelectric point of the zwit- 
terionic compound, typically after lipid hydration and 
liposome formation, the compound becomes non-electroly- 
tic, i.e., has the desired low conductivity. It is 
noted, however, that the final salt concentration of the 
medium, after adjusting the pH to the isoelectric point 
of the zwitterionic compound, must not produce a sig- 
nificant increase in the ionic strength of the medium. 
This objective can be achieved, for example, by employing 
volatile ammonium salts, or as described below, by em- 
ploying an initial low concentration of zwitterionic 
compound . 
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The zwitterionic compound is preferably present at a 
concentration of between about 1-3 weight percent aqueous 
medium, and preferably at a concentration which renders 
the final composition substantially isotonic. Alterna- 
5 tively, or in addition, the aqueous medium may includes 
other non-electrolyte solute compounds, such as sugars, 
uncharged water-soluble drugs, and the like which produce 
a desired osmolarity of the final gel composition. 

10 D. Preparing the Gel Composition 

The gel composition of the invention is formed by 
mixing the neutral and charged vesicle-forming lipids 
described in Section B with a low-conductivity aqueous 
medium, at a final lipid concentration of between about 

15 7-25 weight percent lipid, and preferably between about 
10-15 weight percent lipid. 

In one general embodiment of the method, the lipids 
are added directly to the low-conductivity medium, such 
that when the selected final lipid concentration is 

20 reached, the suspension assumes a gel-like state at room 
temperature. 

In one procedure, vesicle-forming lipids are dis- 
solved in a suitable organic solvent or solvent system 
and dried under vacuum or an inert gas to form a thin 
25 lipid film. If desired, the film may be redissolved in a 
suitable solvent, such as tertiary butanol, and then 
lyophilized to form a more homogeneous lipid mixture 
which is in a more easily hydrated powder-like form. 

This film is covered with a selected amount of the 
30 low-conductivity medium, and allowed to hydrate, typical- 
ly over a 15-60 minute period with agitation. The size 
distribution of the resulting multi-lamellar vesicles 
(MLVs) can be shifted toward smaller sizes by hydrating 
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the lipids under more vigorous agitation conditions . The 
final concentration of liposomes is at least 70 mg/g and 
preferably between about 100-150 mg/g composition. The 
hydration step is generally effective to produce a homo- 
5 geneously hydrated liposome suspension, where relatively 
small lipid quantities are involved. 

For larger lipid amounts, the hydrated suspension 
may contain particles of non-hydrated or partially hydra- 
ted Hpids. This suspension can be converted to a homo- 
geneous suspension by further processing, preferably by 
extrusion through a defined-pore size membrane, such as a 
2 micron pore size polycarbonate membrane . The extrusion 
step, of course, also reduces the size heterogeneity in 
the suspension. This general procedure for preparing a 
liposome gel suspension is illustrated in Example 1.- 

In another procedure, the lipids are added to the 
low-conductivity medium by injecting the lipids in a 
lipid-in-solvent solution into the medium, until the 
desired lipid concentration (gel viscosity) is reached 
20 This method is illustrated in Example 7. 

It will be appreciated that water-soluble drugs or 
agents can be encapsulated in the liposomes formed in the 
gel by dissolving the drug or agent in the hydration 
medium. Similarly, a lipophilic compound can be con- 
veniently added to the lipid mixture prior to hydration, 
for preparing liposomes with entrapped lipophilic drug. 

In a second general embodiment of the method, the 
lipids are added to an aqueous medium containing a zwit- 
tenonic compound, at a P H which is- substantially dif- 
ferent from the isoelectric point of the compound. In 
particular, the concentration of zwitterionic molecules 
having a net positive or negative charge is such that the 
aqueous medium cannot be characterized by low conduc- 



25 



30 



WQ 90/09782 17 PCT/US90/00918 

tivity. Typically the medium contains at least about 20 
mM zwitterionic compound having a net positive or nega- 
tive charge. For example, the medium may be 100 mM 
zwitterionic compound, at a pH at which 20 percent of the 
5 compound has a net charge. 

The liposome suspension formed in the aqueous medium 
is relatively fluidic, or non-viscous, being characte- 
rized by high flow characteristics . Because of its low 
viscosity, this suspension is easily processed to achieve 

10 desired liposome/suspension characteristics. For ex- 
ample, the suspension may be further processed to (a) 
achieve smaller and or more uniform liposome sizes, (b) 
remove free water-soluble drug and/or (c) sterile the 
EGF/liposome preparation. 

15 A variety of techniques are available for reducing 

liposomes to a desired size range, including sonication, 
homogenization and extrusion through a def ined-pore size 
membrane. Extrusion of liposome through a small-pore 
polycarbonate membrane has been used successfully, as has 

20 extrusion through asymmetric ceramic membranes (U.S. Pa- 
tent No. 4,737,323). The liposomes may be extruded 
through successively smaller-pore membranes, to achieve a 
gradual reduction in liposome size. 

Free water-soluble drug can be removed, if desired, 

25 by conventional centrif ugation, ultrafiltration, or gel 
filtration (molecular sieve) methods. When the liposomes 
are sized by extrusion, free drug is preferably removed 
following the extrusion step. 

The liposome suspension may be sterilized, after 

30 sizing, by filtration through a conventional depth fil- 
ter, typically having a 0.22 micron particle exclusion 
size . 
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After liposome processing, the non-viscous lipo- 
some 

suspension is converted to the desired gel form by titra- 
ting the pH of the suspension to a isoelectric point of 
5 the zwitterionic species. As mentioned above, the titra- 
tion must be carried without significantly increasing the 
concentration of dissociable salts in the medium. This 
can be done by titrating with acids or bases which pro- 
duce volatile salt components, such as certain ammonium 

10 salts, or which produce insoluble salts. Preferably, the 
titration is done by forming an initial liposome suspen- 
sion in a medium containing low zwitterionic concentra- 
tion, then titrating with a concentrated solution of the 
same zwitterionic compound, until the desired pH is 

15 reached. 

It will be appreciated that a variety of liposome 
preparation methods, including reverse-phase evaporation 
and solvent-injection methods (Szoka, 1978, 1980), can be 
adapted for preparation of a liposome gel composition, 

20 using a low ionic-strength aqueous medium in the liposome 
formation step, in accordance with the invention. 

The EGF/liposome gel composition of the invention 
can be prepared conveniently by a modified thin-film 
hydration method/as described above. Briefly, a lipid 

25 thin film is covered with hydration medium and allowed to 
hydrate, typically over a 15-60 minute period with agita- 
tion, with a low-conductivity buffer, as above. The 
final concentration of EGF/liposomes is at least 50 mg/g 
and preferably between about 50-200 mg/g composition . , 

30- This method if illustrated in Example 1. 

Alternatively, the liposome gel composition can be 
formed in two stages, involving initial liposome forma- 
tion of a fluidic liposome suspension, by addition of the 
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aqueous buffer in an electrolytic condition (e.g., where 
the zwitterionic compound is not at its isoelectric 
point, and subsequent pH adjustment of the aqueous medium 
to a non-electrolytic state (isoelectric point of the 
5 medium), to produce the desired gel formation. The in- 
termediate non-viscous liposome composition can be pro- 
cessed, as above, e.g., to achieve a desired liposome 
size range. This method is illustrated in Example 3. 

The aqueous medium used in forming the composition 

10 may contain dissolved EGF, at a suitable concentration. 
The suspension formed in this manner includes encapsu- 
lated, liposome-adsorbed, and free EGF. Free EGF can be 
removed, if desired, by conventional methods, such as 
molecular sieve filtration or the like. 

15 Alternatively, free EGF may be added to preformed 

liposomes at a suitable concentration, producing a su- 
spension with liposome-adsorbed and free EGF. According 
to one aspect of the invention, it has been found that 
the in vivo release kinetics of EGF from EGF/liposomes 

20 containing absorbed EGF only is comparable for EGF/lipo- 
somes prepared to include both adsorbed and encapsulated 
EGF (Example 5) . 

From the foregoing, several advantages of the method 
of preparation of the liposome gel composition of the 

25 invention can be appreciated. The gel composition can 
be prepared at a low lipid concentration and thus is 
relatively inexpensive to manufacture. The final vis- 
cosity of the composition can be controlled by small 
changes in final ionic strength, produced either by 

30 addition or removal of ionic components, or by relatively 
small pH changes in a medium containing a zwitterionic 
buffer. 



W ° 90/09782 2 o PCT/US90/00918 

The liposome gel can easily be prepared and pro- 
cessed in a dilute form, for example to remove free drug, 
such as EGF, and to size and sterilize the liposomes, 
then brought to a final viscous state by pH adjustment. 
5 Finally, as discussed in below, for preparation of 

an EGFUiposome gel composition, the EGF is adsorbed 
readily to the negatively charged liposomes in the EGF/- 
liposome composition, allowing the composition to be 
prepared simply by mixing free EGF with preformed lipo- 
10 somes . 

E - Viscosity of the Gel Composition 

The liposome gel composition of the invention is 
characterized by a high-viscosity gel-like consistency 
15 which is maintained at a low ionic strength, but which 
collapses as ionic strength is increased. This feature 
is illustrated in the study described in Example 2. Here 
liposomes containing equal-weight amounts of EPG, EPC, 
and cholesterol were prepared in a 2.3% w/v glycine 
buffer at isotonic P H ( P H 6.0) buffer, as detailed in 
Example 1 . 

The mean viscosity for the samples was 13.3 x 10 3 Cps 
(centipoise) at 1.0 per second shear rate, characterized 
by a thick, relatively non-flowing gel consistency. With 
25 addition of NaCl to a concentration of only 0.05% w/v 
(about 8.5 mM), the material lost its gel-like proper- 
ties, being quite fluid, with a mean viscosity of only 
about 2.7 x lb 3 Cps at lper second. Further relatively 
small decreases in viscosity were seen with further 
addition of NaCl to a final concentration of 0.2% w/v. 
The loss of viscosity at low NaCl concentration is seen 
in Figure 1. 
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The nature of the high viscosity gel composition can 
be appreciated from the liposome suspension models il- 
lustrated in Figures 2A-2C. The model shown in Figure 2A 
represents a liposome paste or concentrate containing a 
5 maximum concentration of lipid vesicles in an aqueous 
suspension medium. Empirically , viscous, paste-like 
lipid suspensions having a lipid concentrations of up to 
about 500 jig/ml can be produced, at which about 70% of 
the total aqueous volume is encapsulated. 

10 The model of a liposome concentrate shown in Figure 

2A assumes that at high lipid concentrations, and in the 
absence of surface charge effects, liposomes are able to 
form close packed suspensions in which the liposomes are 
densely packed, as indicated, being separated from one 

15 another only by a thin shell of ordered water (shown in 
dotted line) . This model is consistent with the high 
percent of encapsulated water (up to 70%) observed in 
high-concentration liposome paste formulations. 

Figure 2B shows a conventional liposome suspension 

20 containing about one-fifth the lipid concentration, e.g., 
100 jig/ml. Assuming the suspension is composed of the 
same types of liposomes, more than 80% of the aqueous 
medium in the suspension would be non-encapsulated water, 
and each liposome would now be free to move through 

25 relatively large aqueous volume elements, as indicated. 
Because of this liposome mobility the suspension has a 
very low viscosity, i.e., is freely flowable. 

Figure 2C shows the same low concentration of lipo- 
somes as in Figure 2B, but . in a suspension formed in 

30 accordance with the invention in which the liposomes 
contain at least about 7 weight percent charged lipid 
component and a low-conductivity medium. The low lipid 
concentration of the suspension indicates that more than 
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80% of- the total volume of the suspension is extra-lipo- 
somal water, i.e., non-encapsulated water. However, the 
high viscosity of the medium indicates that the liposomes 
are arrayed in packed spheres, as illustrated in Figure 
5 2A. 

These two assumptions are consistent with a model in 
which each liposome is surrounded by a relatively large 
spherical shell which contains a volume of up to several 
times that of the liposome, but which itself cannot be 
readily penetrated by the shells of neighboring lipo- 
somes. The thickness of the sphericaJ water shells can 
be approximated from the following simplifying assump- 
tions: (a) the maximum volume of liposome-encapsulated 
medium at a lipid concentration of 500 ng/ml is 70 per- 
cent; (b) in both high-and low-concentration suspensions, 
the uniform liposome sizes of about 2,000 A; and (c) the 
total number of liposomes which is proportional to lipid 
concentration. The shell thicknesses given in Table 1 
below can be calculated: 

20 

Table 1 

Lipid Concentration Shell Thickness 

(ng/ml) 

25 100 1400 

200 700 
300 400 
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400 , 150 

500 0 

Since the immobilization of the liposomes in the dilute 
suspensions is assumed to be due to charge repulsion among 
charged, unshielded particles, the thicknesses of these 
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shells provide a rough estimate of the distance over which 
the charged liposomes exert an appreciable charge repulsion 
effect. 

The concept of an electrostatic liposome shell is 
5 analogous to Debye length, which corresponds roughly to the 
distance over which the electrostatic field of an ion exerts 
an appreciable effect. Figure 3 shows a theoretical plot of 
Debye length as a function of concentration of a univalent 
electrolyte in solution. The rapid decrease in Debye length 
10 between 0-20 mM electrolyte closely mirrors the change in 
viscosity seen in Figure 1 over the . same electrolyte con- 
centration range, and strongly suggests the viscosity effect 
seen in the present invention is due to electrostatic bar- 
rier effects. 

15 

F. Properties of the EGF/Gel Composition 
Viscosity 

The EGF/liposome gel composition of . the invention is 
20 characterized by a high-viscosity gel-like consistency which 
is maintained at a low ionic strength, but which collapses 
as ionic strength is increased. This feature is illustrated 
in the study described in Example 2. Here liposomes con- 
taining equal-weight amounts of EPG, EPC, and cholesterol 
25 were prepared in a 2.3% w/v glycine buffer at isotonic pH 
(pH 6.0) buffer, as detailed in Example 1, except that EGF 
was not added. The mean viscosity for the samples was 13.3 
x 10 3 Cps (centipoise) at 1.0 per second shear rate, charac- 
terized by a thick, relatively non-flowing gel consistency. 
30 With addition of NaCl to a concentration of only 0.05% w/v 
(at about 8.5 mM) , the material lost its gel-like proper- 
ties, being quite fluid, with a mean viscosity of only about 
2.7 x 10 3 Cps at 1 per second. Further relatively small 
decreases in viscosity were seen with further addition of 
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Nad to a final concentration of 0.2% w/v. 
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EGF Bin ding to Negatively Charged Liposomes 

According to one aspect of the invention, it has been 
found that EGF may be entrapped in negatively charged lipo- 
somes by surface adsorption, and that the binding affinity 
of EGF for the liposomes is effective to produce slow re- 
lease of adsorbed peptide both in vitro and in vivo . In the 
binding study reported in Example 4, liposome gel composi- 
tions formed from either PC/PG (equal weight ratios) or 
PC/PG/cholesterol (equal weight ratios) were prepared as in 
Example 1. Increasing amounts of EGF (iodine radiolabeled) 
15 were added to aliquots of each of the two compositions, and 
the mixtures were allowed to equilibrate for one week at 
4°C. The ratio of bound to free EGF was determined from 
total radiolabel measured before and after centrifuga- 
tion, and these values were plotted as a function of 
20 amount bound, yielding the plots in Figures 4 and 5 for 
the EPC/EPG and EPC/EPG/choleste'rol compositions, respec- 
tively. Affinity constants K d were determined from these 
, plots as described in Example 4. As seen from the two 
figures, the K„ values are in the range 1-2 x 10 _s molar 
25 for both compositions. 

The number of EGF binding sites on the liposomes was 
determined from the x-axis intercept in the Figure 4 and 
5 plots, along with the calculated K, values, also as 
detailed in Example 4. From this, it was determined that 
at a peptide concentration of about 200 jtg/ml, about 30% 
of the EGF is adsorbed at the lipid/water interface. 

The adsorption of EGF to EPC/EPG and EPC/EPG/chole- 
sterol monolayers was also examined in a lipid monolayer 
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system, also as detailed in Example 4. Briefly, the 
method measures the ability of EGF to interpenetrate the 
lipid monolayer, as evidenced by changes in the inter fa- 
cial surface pressure as EGF is added to the monolayer. 
5 Figure 7 is a plot of the interfacial surface pres- 

sure, n, as a function of lipid concentration for a 
EPC/EPG/cholesterol (equal wight ratios) lipid monola- 
yers, as a function of lipid concentration. Similar 
plots were was made for EPC/EPG monolayers, and EPC/EPG/- 

10 cholesterol and EPC/EPG monolayers containing 4 0 ng/ml 
EPG, at each of several lipid concentrations. These 
plots were used to construct the graph of change in 
surface pressure due to the presence of 40 jig/ml EGF in 
the monolayer, as a function of surface pressure, for 

15 each of the two lipid compositions. This graph is shown 
in Figure 8. 

Using linear regression analysis to extrapolate to 
the y-axis intercept it can be seen that the change in 
interface surface pressure produced by EGF in the EPC/- 

20 EPG/cholesterol composition is about 15 dynes/cm, and in 
the EPC/EPG composition, about 13.5 dynes /cm. The inter- 
face surface pressure attributable to EGF alone (no lipid 
interaction) is plotted in Figure 6, and is jx. 6 dynes/cm 
at 40 ng/ml. Thus for both lipid compositions, the 

25 measured change in surface pressure due to EGF in the 
presence of lipid is greater than that produced by EGF 
alone, indicating that the peptide is interacting with 
the monolayer . 

The greater EGF-induced change in pressure seen in 

30 the EPC/EPG/cholesterol composition indicates a greater 
degree of EGF interaction with the addition of chole- 
sterol to EPC/EPG. 
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In vitro EGF, Relea se Characteristics 

The kinetics of release of EGF from EGF/liposome 
compositions prepared according to the invention were 
examined in a standard two-chamber percutaneous absorp- 
tion cell, as detailed in Example 5. The samples placed 
in the donor cell were suspended in 25% human serum in 
isotonic saline, for passage across a membrane filter 
into a donor collector compartment which was continually 
perfused with 25% human plasma in saline. 

Figure 9 shows release kinetics of EGF in the 
system for three independent kinetic studies . The mean 
half life of EGF release, calculated from the slope of the 
availability of free EGF in the donor compartment, as a 
15 function of time, is about 1.8 hours. 

The EGF available in the donor compartment from 
various EGF/liposome compositions were similarly mea- 
sured. Figure 10-12 shows plots of EGF available in the 
donor compartment, as a function of time, from (Compos- 
20 ition I) EPC/EPG liposomes with encapsulated EGF (Figure 
10), (Compositions II) EPC/EPG/cholesterol liposomes with 
encapsulated EGF (Figure 11), and (Composition III) EPC/- 
EPG/cholesterol with adsorbed EGF (Figure 12) . All three 
compositions contain free EGF, and thus also are expected 
25 to contain liposome-adsorbed EGF. 

The model used to determine the half lives of EGF 
release from the liposomal formulations is discussed in 
Example 5. Briefly, the free EGF available in the donor 
compartment is determined from the measured rate of 
appearance. of EGF in the receiver compartment, the rate 
constant K b of the membrane, and the volume V b of the 
external phase in the donor compartment. The calculated 
free available EGF in the donor compartment is then 
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plotted as a function of time f as seen in Figures 7-9. 
The half lives of EGF release during the slow phases is 
determined from the resulting plots. 

The half lives determined from above are 14.1 hours 
5 for the EPC/EPG composition (encapsulated EGF); 10.1 
hours for the EPC/EPG/cholesterol composition (encaps- 
ulated EGF); and 6.2 hours for the EPC/EPG/cholesterol 
composition (adsorbed EGF) . It is clear that all of the 
liposome formulation enhanced the half life of EGF re- 
10 lease in vitro severalfold over free EGF. 

In vivo EGF Release Characteristics 

The high-viscosity EGF/liposome compositions of the 
invention are effective to (a) remain physically loca- 
ls lized at a site of injection or administration and (b) 
provide a source of therapeutic levels of EGF over a 
several-day period, as will now be demonstrated. 

The enhanced retention of EGF in an EGF/liposome 
composition has been demonstrated with conjunctival 
20 placement of the various EGF compositions by sub-con- 
junctival-in jection, and monitoring of levels of EGF 
retained at the conjunctival site over a several day 
period. The retention of radiolabeled EGF at a conjunc- 
tival site of administration,, as a function of time after 
25 injection is shown in Figures 13-16 for free EGF (Figure 

13) , and EGF/liposomes composed of: (Composition I) 
EPC/EPG and containing free and encapsulated EGF (Figure 

14) , (Composition II) EPC/EGF/cholesterol and containing 
free and encapsulated EGF (Figure 15)., and (Composition 

30 III) EPC/EPG/cholesterol and containing free and adsorbed 
EGF only (Figure 16) . As seen, all of the EGF/liposome 
compositions give biphasic EGF release characteristics, 
indicating a burst of EGF released into the site of 
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administration, followed by a slow phase EGF release over 
a several-day period. 

Table 3 in Example 6 gives the half-lives of EGF 
release, and the percent EGF released in the burst for 
5 free EGF and the three EGF/liposome compositions, calcu- 
lated from the mean values of the data plotted in Figures 
10-13. The half life of EGF retention was extended from 
1 hour for free EGF to 14-35 hours for the liposomal 
compositions. Interestingly, and in contrast to the in 
vitro release kinetics observed, the largest half lives 
(32 and 35.6 hours) were obtained with Composition II and 
III (cholesterol-containing EPC/EPG liposomes), whereas 
the shortest half life (14 hours) was obtained with the 
Composition I. This discrepancy with the in vitro kine- 
tics data may be due to the greater stability of chole- 
sterol-containing liposomes in vivo , perhaps related to 
the reduced extent of lipid exchange which would be 
expected between liposomes and cells at the site of 
administration in the presence of cholesterol. 

The long-term availability of EGF in the region of 
the EGF/liposomes is seen from the data in Table 4 of 
Example 6. For free EGF, substantially no EGF was avail- 
able at the conjunctival site one day after administra- 
tion. With the EGF/liposome formulations, more than 1% 
of the total EGF was available at the site 4 days after 
administration for Composition I, six days after adminis- 
tration, for Composition III, and seven days after ad- 
ministration, for Composition II. 

From the foregoing, it can be appreciated that the 
degree of retention of EGF/liposomes at a site of ad- 
ministration can be selectively varied according to the 
amount of cholesterol included in the liposomes, at least 
over the range from about 0-33 weight percent. 
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The above results also indicate that liposome-ad- 
sorbed EGF in the EGF/ liposomes is released from the 
liposomes in vivo at substantially the same rate as 
encapsulated EGF. This result confirms that EGF is 
5 tightly bound to negatively charged liposomes (containing 
at least 20 mole percent negatively charged phospho- 
lipid) , and that an effective EGF/liposome formulation 
can be made by surface adsorption to liposomes . 

!0 G. Positively Charged Liposome Gel Composition 

In another aspect, the invention includes a high- 
viscosity liposome gel composition for use either in 
applying lipid to a mucosal tissue, or in administering a 
liposome-entrapped drug to a mucosal surface tissue. 

15 The composition includes a low-conductivity aqueous 

suspension medium having a selected pH between about 5.5 
and 8.5, and between about 7-25 weight vesicle-forming 
lipids. The lipids contain between about 5-50 weight 
percent positively-charged vesicle-forming lipids, and 

20 (ii) the balance of neutral vesicle-forming lipids. 

Preferably the positively charged lipids are the type 
described above which include a spacer at least 3 atoms 
in length greater between the lipophilic portion or 
moiety of the lipid and the positively charged polar head 

25 group. These lipids provide enhanced liposome retention 
on mucosal surfaces.. In particular, the positively 
charged lipid components in the composition preferably 
includes PE derivatives which are conjugated with basic 
amino acids, and/or amphophilic benzylyamine compounds, 

30 as described above. Lipid compositions 9-12 above are 
exemplary. 

The compositions are formed substantially as de- 
scribed in Section D, where the aqueous hydration medium 
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may either be a low-conductivity medium, or a medium 
containing a zwitterionic compound which allows titration 
to a low-conductivity medium. Example 7 illustrates a 
PC/BDSA gel composition formed by solvent injection. 
5 In one embodiment , the gel composition is formulated 

as a lipid supplement for treatment of dry eye. Prefer- 
red lipid compositions are detailed in U.S. Patent No. 
4,818,537 for "Method of Treating Dry". The present 
differs from the earlier formulation in that high vis- 
10 cosity is produced by electrostatic effects rather than 
by high-viscosity polymers. 

Alternatively, the positively charged liposome gel 
can be formulated to contain entrapped drug agents, for 
slow drug release from the liposomes. 
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II. Utility 

A. Topical Administration 

The liposome gel composition of the invention is 
useful as a moisturizing agent for application to dry or 
aging skin, and/or for applying cosmetic agents such as 
vitamin A, UV-blocking agents, or ret in, to the skin. 
The gel is easily delivered from a tube or the like, is 
relatively non-greasy to the touch, and is clear when 
applied to the skin. One unique property of the gel is 
its ability to dissolve or melt over time as the gel 
becomes infused with salts on the skin. Thus, the vis- 
cous gel may be applied to the skin in gel form, but 
become quite fluidic as it is rubbed into the skin. 

The gel may also be used as a drug delivery composi- 
tion, for delivering a liposome-entrapped drug transder- 
mal^ . The drug to be administered is typically a lipo- 
philic drug, such as an anti-inflammatory steroid drug, 
which is entrapped in the gel liposome lipids at a con- 
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centration between about 1-20 weight percent. It will be 
appreciated that a charged lipophilic drug may be ad- 
ministered, where the charge on the compound contributes 
to the liposome surface charge. 
5 The EGF/liposome composition may be used in applica- 

tion to burns and other skin wounds, to promote healing. 
Epidermal Growth Factor (EGF) , is a widely distributed 
endogenous polypeptide (King) . It is a powerful mitogen 
with high affinity receptors in both fibroblasts and 

10 epidermal keratinocytes, and has been shown to accelerate 
wound healing in vivo (O'Keefe; Knauer) . The first 5-10 
days after injury are the most critical period during 
which maximal differences are seen between EGF treated 
and untreated wounds . EGF application after this period 

15 produces no significant improvement over controls, since 
by this time re-epithelialization has already occurred in 
both groups . 

For superficial wounds, local concentration of EGF 
can easily be maintained by applying the gel material 

20 directly to the skin or in a skin dressing. The material 
is preferably supplied in gel form from a tube or the 
like which can be easily applied to the skin or to a skin 
dressing. One unique property of the gel material, when 
applied directly to the skin as a film, is that salts in 

25 the skin will break down the gel structure, producing a 
fluid lipid dispersion as the material is rubbed in the 
skin . 

B. Surgical Wound Administration 
30 Because of its high viscosity, the gel composition 

is useful as a drug delivery vehicle for surgical wounds, 
where slow drug release over a several-hour to several- 
day period is required. 
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Due to its relatively short half-life of about one 
hour, (Buckley, 19?7), loss of occupied receptors th 
turnover and a lag time of 8-12 hours to comn.it cells to 
DNA synthesis (Knauer) , it has been necessary to apply 
S EGF frequently to a wound to maintain effective local 

concentration during the critical period of initial wound 
healxng (Buckley, 1987; Buckley, 1985; and Franklin, 
1986). Thus, effective EGF therapy has required frequent 
or sustained application of the drug during the first 
10 several days of wound healing. 

For surgical incisions and full thickness skin 
wounds requiring suture repair, frequent application of 

15 P ° SSible and a ^stained-release formulation 

15 of EGF must be used for these uses. Implanted sponges 

have demonstrated the advantages of sustained EGF release 
m an animal wound model (Buckley, 1985) but would not be 
suitable as a dosage form. 

The EGF/gel composition of the invention substan- 
tially overcomes these limitations. In practice, the gel 
composition is a PP li ed incision area before suturing. 
The high viscosity of the of the material reduces loss of 
material from the incision site, and the slow release of 
EGF from the liposomes provides a therapeutic level of 
EGF at the site over a several-day healing period. 

c • Ophthalmic Uses 

The gel composition of the invention also provides a 
number of advantages for lipid or drug administration to 
mucosal tissue. For treatment of dry eye, where the gel 
serves as a source of lipid and moisture, the gel has the 
advantages of optical clarity, and enhanced retention due 
to h lg h vrsposity. Further, where the liposomes contain 
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positively charge lipid elements with charge spacers, as 
described above, the liposomes themselves have enhanced 
retention to corneal surfaces/ The liposomes may also be 
used for drug delivery to the eye or other mucosal sur- 
5 face, with advantages of greater retention, i.e., less 
flow from, the site of application. 

Figures 17A-17C illustrate surgical incision and 
incision repair step in a corneal replacement or trans- 
plant operation. An initial arcuate incision in the 

10 conjunctiva, illustrated in Figure 17A, allows the con- 
junctiva to be pulled away, exposing the underlying 
episclera and cornea, A second arcuate cut in the cor- 
nea, shown in Figure 17B, allows the cornea to be pulled 
back to provide access to the lens (not shown) . After 

15 surgical removal or replacement of the lens, the cornea 
is first closed by stitching, seen at 20 in Figure 17C, 
followed by closure of the conjunctiva by stitching, 
indicated at 20. Post-operative healing involves healing 
of the two incisions, and regrowth of the episclera layer 

20 between the conjunctiva and cornea. 

Figures 18A-18C illustrate the use of the EGF/lipo- 
some composition of the invention to promote healing of 
the aboye-described ophthalmic surgery. Figure 18A shows 
a cross section through an outer portion of the stitched 

25 cornea and conjunctiva, as seen in perspective in Figure 
17C. After stitching, the space between the conjunctiva 
and cornea is filled with an EGF/liposome composition, by 
inserting a needle through a region of the stitched 
incision in and injecting the composition into the epi- 

30 sclera space. As illustrated in Figure 18B, the material 
may be injected until a slight bulging of the conjunctiva 
is produced. 
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The injected material remains in place, over a 
several-day period, by virtue of its gel or paste-like 
consistency. EGF is released into the surrounding area, 
promoting healing of both stitched incisions and regrowth 
5 of the episclera over an extended healing period. 

Preliminary studies conducted in support of the 
present invention have examined the effect of viscous 
EGF/liposomes on ophthalmic incision repair in an animal 
model system. Briefly, it has been found that a viscous 
10 EGF/liposome composition provides greater wound repair, 

as measured by the strength of the repaired incision 
several days after treatment, than empty liposomes. 

According to another important advantage, the gel 
composition of the invention combines high viscosity with 

15 low lipid concentration, so that the material is rela- 
tively inexpensive in terms of materials cost.. Further, 
additives, such as high molecular weight polymers, col-, 
loids and the like, are avoided. 

The following examples are intended to illustrate 

20 various compositions, methods of -preparations, and cha- 
racteristics of the present invention. The examples are 
in no way intended to limit the scope of the invention. 
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Example 1 

Preparat ion of EGF /Liposome Compositions 
EPG was purchased from Avanti Polar Lipids {Birmi- 
ngham, AL) and EPC was purchased from Asahi Chemical 
Company (Tokyo, Japan). Cholesterol was from Croda, Inc. 
(New York, NY) and a-tocopherol (Vitamin E) from Hoff- 
man - La Roche (Nutley, NJ) . Aminoacetic acid (glycine) 
was from J.T. Baker (Philipsburg, NJ) . 

EGF from yeast (Chiron) was a gift of Ethicon, Inc. 
(Somerville, NJ) . l25 I-labeled rh— EGF (3-[ 12s I] iodotyrosyl 
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human recombinant epidermal growth factor was purchased 
from Amershal Corporation (Arlington Heights, IL) . X25 I 
rh-EGF was shipped the day of iodination and used only 
for the first four weeks following iodination. 
5 Liposomes were prepared by thin film hydration of a 

dehydrated lipid mixture containing one of the following 
lipid mixtures. Composition I: EPG/EPC/a-tocopherol 
(1/1/0.03, w/w/w) and Composition II: EPG/EPC/chole- 
sterol/ -tocopherol (1/1/1/0.03, w/w/w/w) . The lipids 

10 were dissolved in chloroform: methanol (2:1) and a total 
of 33 g of lipid were added to a round bottom flask and 
dried in vacuo to a thin film. To this film was added 
2 67 ml of hydration buffer containing 2.3% (w/v) glycine, 
pH .6.0. Hydration was carried out for 1-2 hours with 

15 swirling. The material had a stiff, gel-like consisten- 
cy . 

The materials were prepared in a biological cabinet 
using sterilized equipment, filter-sterilized lipid, and 
filter-sterilized aqueous solutions to keep the bioburden 

20 as low as possible. The vesicles were prepared by thin- 
film hydration in a 2.3% glycine buffer. The resulting 
liposome dispersion was injected by extrusion through a 
Gelman Acrodisc into 1 or 10 ml plastipak syringes which 
were wrapped in aluminum foil and labeled. An aliquot of 

25 the liposome gel was set aside, and "collapsed" back into 
a lotion by the addition of concentrated saline. 

Samples were assayed for rh-EGF concentration, total, 
lipid phosphate, cholesterol content, pH, viscosity, 
osmolarity, particle size and pyrogen levels (Table 2). 

30 Mean diameters were assayed using the Nicorap laser par- 
ticle sizer. 
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Assay 
(units) 

rh-EGF 
(Hg/gm) 

Total Lipid 
Phosphate 
(nmol/gm) 

Cholesterol 
(mg/gm) 

Buffer pH 

Osmolarity 
(mOsra) 

Viscosity 
(Cps) lc > 

Nicomp Mean 
Diameter 
(nm) 

LAL Pyrogen 
Test 



TABLE 2 

Characterization of EGF Compositions 



rh-EGF-Loaded 
"Lotion" "Gel" 



192 

91.1 

31.6 
6.1 



326 
2,750 

630 
Pass 



197 

100.4 

31.6 
6.1 

313 

17, 700 

713 
Pass 



Placebo 



'Lotion" "Gel 



0 

87.0 

34 .3 
6.0 



319 
3, 600 

644 
Pass 



87.0 

32.2 
6.0 

305 

20,500 

666 

Pass 
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Example 2 

Viscosity of the E PG Gel Liposome Composition 
Five separate batches composed of EPG/EPC/ chole- 
sterol/alpha-tocopherol (1/1/1/0.03, w/w/w/w) liposomes 
were prepared as described in Example 1. The viscosity of 
each of the batches was determined (a) without addition 
of NaCl, and after addition of (b) 0.05%, (c) 0.1, and 
(d) 0.2% by weight NaCl. At each salt concentration, the 
mean viscosity of the compositions tested was determined. 
The measured values, expressed as extrapolated Cps at 1 
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10 



15 



per second shear rate, are shown in Figure 4 and in Table 
3 below. 

Viscosity was determined using a Brookfield DV-II 
cone/plate viscometer. Viscosity readings were made at 
all relevant spindle speeds . Spindle speeds were con- 
verted to the shear rate. Plots of log (viscosity) 
versus log (shear rate) were prepared from which the 
viscosity at a shear rate of one reciprocal second was 
extrapolated. 

Table 3 

Mean Viscosity 
(Extrapolated Cps at 
% NaCl 1 sec, shear rate) 



0.0 % 13.3 x 10 3 

0.05% 2.7 x 10 3 

20 0.1 % 1.5 x 10 3 

0.2 % 0.8 x 10 3 

25 The mean viscosity of the composition in the absence 

of NaCl corresponds to a stiff, gel-like consistency. As 
seen, addition of only a slight amount of salt reduces 
the viscosity severalf old, producing a thinner, lotion- 
like consistency. 

30 

Example 3 

Processing EPG Liposome Gel Composition 
Liposomes were prepared by thin film hydration of a 
dehydrated lipid mixture containing EPG/EPC/chole- 
35 sterol/ -tocopherol (1/1/1/0.03, w/w/w/w) ,. as described 
in Example I, except that the hydration buffer used to 
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produce the liposomes contained 50 mM glycine, adjusted 
to pH 8. The liposome suspension was highly fluidic. 

The suspension was sized by extrusion by multiple 
through a 0.2 micron polycarbonate membrane. The sized 
5 liposomes were then sterilized by filtration through a 
0.25 micron depth filter. To this sterilized material 
was added 1/10 volume of sterilized 10X glycine, adjusted 
to produce a final pH of 6.0. The final suspension had a 
stiff, gel-like consistency. 

10 

Example 4 
Adsorption of EGF to Liposomes 
A. Scatchard Analysis 

The affinity of EGF binding to liposomes and the 
15 number of binding sites in the Example 1 liposomes can be 
determined from Scatchard analysis of the binding of 
radiolabled rh— EGF to the liposomes. 

Liposomes formulations I and II in Example 1 were 
prepared by hydration of the thin lipid film with 2.3% 
glycine (w/w) , as described in Example 1. The formula- 
tions were sized (three passes for each pore size) se- 
quentially through 5.0 jim and then 1.2 |im polycarbonate 
filters, then extruded through a 0.4 jim Nuclepore filter. 
Five nCi of 125 I-rh-EGF were added to 2 ml of rh-EGF, 
25 1 mg/ml concentration in glycine buff er . Aliquots of 

this iodinated stock solution were added to duplicate, 1 
ml samples of the liposome preparation also containing 
five final rh-EGF concentrations ranging from 6 to 100 jig 
rh-EGF per ml liposomes. The resulting preparations were 
allowed to come to equilibrium by incubation for one week 
at 4° C. 
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After equilibration, known volumes of the prepara- 
tions were removed for gamma counting. A known volume of 
. the bulk of the remainder of each sample was centrifuged 
for two hours at 40K RPM and 4° C. Known volumes of the 
5 clear supernatant ("free" EGF) were removed for gamma 
counting. Any remaining supernatant was removed and 
discarded. Each liposome pellet was resuspended in 1.2 
ml of 1% (w/w) Triton X-100 and vortexed. All samples 
were then assayed for gamma counts, and the actual CPM 
10 per ml were determined. 

The ratio of bound/free was determined for each 
sample as: 

Ratio = [bound] /( [bound plus f ree] - [bound] ) (Eqn. 2) 

Values of [bound] / [free] versus [bound] were plotted 

15 and the data fit to a linear least squares regression. 

Figures 4 and 5 show the plots for the I and II formula- 
tions, respectively. K d , the binding constant of the 
peptide on the liposomes was determined from the slope of 
the regression line, which was taken to be 1/K d . Con- 

20 fidence intervals of K d were calculated according to 
known methods (Tallarida) . 

The results seen in Figures 4 and 5 indicate that 
there is no significant difference between the two for- 
mulations as to affinity constants, which is calculated 

25 as about 1-2 x 10" 5 M for both formulations. The K d for 
liposomes is several orders of magnitude less than that 
for cultured fibroblasts (2 - 4 X 10 -10 M) (Buckley, 
1987) . 

the number of binding sites was determined from the 
30 X-axis intercept of the of the regression line, which was 
taken to be equal to [binding sites] K d (Scratchard) . The 
EPC/EPG formulation had 0 . 8 fig EFG binding sites per mg 
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lipid, and the EPC/EPG/cholesterol formulation had 1.4 m 
BGF binding sites per mg lipid. The number of binding 
sites is actually the number of binding sites on the 
external face of the lipid bilayer. Thus, for large 
5 unilamellar vesicles, the actual number of binding sites 
would be twofold greater than for multilamellar or 
oligolamellar preparations like these, at least threefold 
greater. The lipid concentration used is sufficient to- 
potentially adsorb all the rh-EGF . 

Knowing the estimates for K d and the number of bind- 
ing sites, it can be calculated that at this lipid con- 
centration and at a peptide concentration of about 200 ug 
rh-EGF/gm formulation, about 30% of total rh-EGF is 
adsorbed at the lipid/water interface. 
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B • Surface Pressure Measurement- « 

Adsorption of native rh-EGF lipid monolayers to 
lipid/water interfaces can be evaluated by measuring 
surface tension of lipid monolayers spread on an rh-EGF- 
containing aqueous subphase. The methodology of Weiner 
and coworkers (Schwinke) was used to rank order different 
lipid monolayer compositions with respect to the enhanced 
ability of a peptide to interpenetrate a given monolayer. 
Distilled water adjusted to P H 6.0 was used as the sub- 
25 phase in these pilot experiments . Other experiments done 
in 2.3% glycine as buffer gave the same results. 

Surface tension measurements were made on a CSC 
Scientific Model 70545 DuNouy tensiometer (Fairfax, VA) 
Briefly, a new lipid monolayer was spread from a hexane/- 
ethanol (95/5, v/v) solution for each determination. 
Surface pressure <») was determined as the difference of 
the surface tension of test monolayer of subphase minus 
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the surface tension of subphase alone. Delta n is the 
difference between mean monolayer surface pressure in the 
presence and absence of rh-EGF . All data points are the 
mean of at least duplicate determinations . 
5 Figure 6 is a plot of surface pressure % of aqueous 

EGF measured as a function of EGF concentration. As 
illustrated in the figure, rh-EGF is a surface active 
peptide having a limiting pressure of 12.6 dynes/cm as 
determined from a double reciprocal transformation of 

10 this graph. Surface pressure changes also be monitored 
as a function of lipid concentration. As an example, 
EPG/EPC/Chol (1/1/1, w/w/w) monolayers displayed a limit- 
ing pressure of 50.9 dynes/cm in the absence of rh-EGF in 
the aqueous subphase (Figure 7). This limiting pressure 

15 (also called the collapse pressure) is considered to be 
the equilibrium pressure of liposome bilayers (MacDon- 
ald) . 

The ability of the peptide to interpenetrate the 
lipid layer can be determined, as indicated above, by 

20 measuring interfacial surface pressure in the presence 
and absence of peptide at several lipid concentrations . 
The difference in surface pressures (delta k) is plotted 
versus the surface pressure in the absence of peptide. 
In Figure 8, data for EPG/EPC (1/1, w/w) "and EPG/- 

25 EPC/Chol/a-toc (1/1/1, w/w/w/) are plotted. The rh-EGF 
concentration in the subphase was 40 ug/ml. A linear 
regression analysis was carried out on the data to ex- 
trapolate to the y-axis intercept (limiting it). (Wiener). 
The fact that this value, e.g., 15 dynes/cm for the 

30 EPC/EPG/cholesterol formulation, is greater than the 

peptide's own limiting pressure in the absence of lipid 
monolayer, is evidence that the peptide is penetrating 
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the lipid monolayer. That is, the observed effect is not 
merely competition for the surface by two different 
surface-active molecules (Schwinke) . Furthermore, the 
formulations may be rank-ordered according to the mag- 
5 nitude of the extrapolated peptide/lipid limiting n. 

Based on this analysis, both Composition I (solid 
circles in Figure 8) and Composition II (open triangles 
in Figure 8) show rh-EGF adsorption to the lipid. The 
greater extrapolated value of delta * for the EPC/EPG/- 
cholesterol formulation suggests that this composition 
formulation shows a greater degree of peptide/bilayer 
interaction than the EPG/EPC (1/1, w/w) formulation . 
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Example 5 

In vitro EGF Release Ki netics from EGF/Liposom^ 
Liposome formulations were evaluated in vitro by 
release rates of 125 I-rh-EGF into the receiver compart- 
ments of percutaneous absorption cells that were con- 
tinuously perfused with 25% pooled human plasma/saline. 

A conventional two-chamber absorption cell, using a 
bath temperature of 37'C, was employed (Bronaugh) . a 25 
mm, 0.08 m diameter Nuclepore (Pleasanton, CA) polycar- 
bonate filter was used to separate the donor from the 
flow-through acceptor compartment. This pore size- gave 
25 the shortest half life of free EGF passage —about 1.8 
hours- without detectable passage of intact liposomes 
through the membrane. The " 5 I-rh-EGF preparation was 
mixed with an equal quantity of 25% pooled human plas- 
ma/isotonic saline and 200 m aliquots were immediately 
30 applied to the donor compartments. Parafilm was used to 
occlude the donor compartment and prevent evaporative 
loss. The perfusate was collected by fraction collector 
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into scintillation vials and counted in a Packard TriCarg 
20000. rh-EGF flux was calculated from the specific 
activity (DPM per ng peptide). Clearance rate half-lives 
were determined for individual percutaneous absorption 
5 cells as described below. 

Figure 9 shows the available radiolabeled rh-EGF in 
the donor compartment of three Bronough cells, as a 
function of time, for an rh-EGF solution. In this single 
phase system, it is possible to determine the concentra- 

10 tion of peptide remaining in the donor compartment by 
subtracting cumulative peptide in the measured in the 
receiver compartment from total peptide applied to the 
donor compartment. The half-life of EGF release deter- 
mined from the mean of the three EGF curves, is about 1.8 

15 hours. -Since the membrane is rate-limiting for EGF • 
transfer from the donor to receiver compartment, the 
curve can also be used to calculate K b , the rate constant 
of the membrane. 

The determination of drug-release half life from the 

20 pool of free EGF available in the donor compartment is 
more complicated, due to the fact that in EGF/liposomes, 
only EGF which is located in the external aqueous phase 
is potentially bioavailable . A model proposed by Chowhan 
et al for solute flux from a liposomal carrier is repre- 

25 sented by the following equation: 

C„ = (dAs/dt) / (K,, * V b ) (Eqn.l) 
where, C„ is the concentration of the solute of interest 
in the external aqueous phase, dAs/dt is the rate of 
solute appearance in the receiver compartment during the 

30 time period of interest, K,, is the rate constant of the 
membrane separating donor and receiver compartments, and 
V b is the volume of the external phase in the donor com- 
partment. The rate of solute appearance in the donor 
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compartment was determined, as above, by assaying the 
amount of radiolabel in the donor compartment over the 
efflux period. K b was determined from the free drug 
efflux study above, and V b can be estimated to within 
5 about 10%. Using the equation above, the C„, the avail- 
able free EGF in the donor compartment, was calculated as 
a function of time. Figure 10 shows plots for seven 
Bronaugh cells, where the heavier line represents the 
overlap of two or more plots. 

10 The release profile of all liposome formulations was 

best modeled by bi-exponential fit. The slow-phase t 1/2 
of Composition I EPG/EPC/a-toc (1/1/0.03, w/w/w) MLVs^ 
with free and entrapped rh-EGF was about 14.1 hours. 
"Frefe" rh-EGF in the external phase of the donor compart - 

15 ment was maintained above a concentration of 0.063 >g 

EGF /ml (the lower threshold of therapeutic activity) for 
over 50 hours . 

Figure 12 shows similar plots from five Bronaugh 
cells of the availability of free EGF in the donor cell, 
as a function of time, for an EGF /liposome composition 
having the Composition II formulation EPG/EPC/Chol/a-toc 
(1/1/1/0.03, w/w/w/w). As with the composition above, 
the liposomes contained liposome-encapsulated EGF, as 
well as liposome-adsprbed and free EGF. 
25 The available, i.e., free EGF, in the donor compart- 

ment was determined as above. From the plots, a mean 
halflife of about 10.1 hours for the slow phase of the 
release kinetics was observed. Thus, free rh-EGF dis- 
played a somewhat shorter t 1/2 than for the liposome for- 
mulation lacking cholesterol, although the two halflives 
are not statistically different. 

In another study, rh-EGF was added to pre-formed 
EPG/EPC/Chol/a-toc (1/1/1/0.03, w/w/w/w) MLVsto give an 
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initial external phase peptide concentration in the 
vicinity of 100 ug/gm formulation. The slow phase t 1/2 of 
this formulation (Composition III) was significantly 
longer (6.2 hrs, Figure 12) than that of the free rh-EGF 
5 solution tested in the same model, and somewhat less than 
the above liposome compositions containing both encapsu- 
lated and liposome-entrapped EGF. The data indicate that 
release of adsorbed EGF from liposomes is rate limiting 
and occurs with roughly the same release kinetics as EGF 
10 which is both encapsulated in and adsorbed to the lipo- 
somes . 

Example 6 

In vivo EGF Release Kinetics from EGF /Liposomes 

15 The EGF/liposome compositions tested are given in 

Section IB above. All liposome formulations consisted of 
unsized multilamellar vesicles containing egg phosphati- 
dyl glycerol and partially hydrogenated egg phosphatidyl 
choline, prepared substantially as in Example 1. All 

20 formulations contained glycine buffer (2.3%) as a gelling 
agent and a-tocopherol (0.1%) as an antioxidant. All 
formulations contained 125 I-h=EGF (0.01 uCi/ug) as a 
radiolabel, and some contained a small amount of tritia- 
ted cholesterol (<0.1% of total lipid) as a formulation 

25 marker. Free EGF and Composition I contained Thimerosal 
(0.1%) and dimethylene-triaminetetraacetic acid (DTPA) 
(0.1%), but Compositions II and III did not. In addition 
Compositions II and III were prepared aseptically in an 
attempt to minimize irritation following administration. 

30 Compositions II and III had the same lipid compos i- 

tion but were loaded differently. EGF was encapsulated 
into Composition II liposomes during formation, and 
therefore contained entrapped drug. EGF was added to the 
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liposomes of Composition. Ill after formation, and was 

therefore considered adsorbed to the liposome surface. 

Total EGF was adjusted to give similar quantities of EGF 

in the external aqueous phase in both compositions II and 
5 III . u 

Table 4 
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CHARACTERISTICS OF EGF FORMULATIONS 
FORMULATION 



Type 



Free 
EGF 



Free 



Liposome 

I . 



Liposome 
II 



Liposome 
III 



Adsorbed and Adsorbed and 
Entrapped Entrapped 





EPC, mg/g 


0 


130 


35 




EPG, mg/g 


0 


130 


35 


20 


Cholesterol 
mg/g 


o 


0 


35 




EGF, ug/g 


100 


100 


100 




DTP A + 








Thimerosal 


Yes 


Yes 


No 


25 


Aseptic 
Process 


No 


No 


Yes 



30 



PH 7.0 

EGF Dose, 

ug/kg 2.3 
body wt . 



6.05 
2.1 



6.02 
1.6 



Adsorbed 
35 
35 
35 

40 

No 
Yes 

6.02 

0.63 



Formulations of free or liposome associated " 5 I EGF 
were administered by subconjunctival injection to female 
35 New Zealand White Rabbits (2-3 kg). Conscious rabbits 
were placed in a bag restrainer, and 1-2 drops of Oph- 
taine 0.5% Ophthalmic Solution were administered to the 
eye as a local anesthetic 1 minute prior to the injec- 
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tion. A small fold of conjunctiva superior to the cornea 
was raised with forceps and 50 ul of the formulation 
injected slowly through a 27 ga needle using a calibrated 
glass microsyringe (Hamilton Co., Reno, NV) . Both left 
5 and right eyes were used on separate days in some rabbits 
but no eye was used more than once during the study. 
Eyes were monitored for signs of leakage, inflammation or 
irritation. Small blebs formed following injection which 
tended to migrate slowly downward over a period of days. 
10 A liposome encapsulated dye appeared to remain localized 
in the eye for over 5 days following injection in one 
rabbit, thus indicating the ability of a formulation to 
remain physically localized at the injection site during 
the study. ' 

15 The amount of radioactivity remaining in the in- 

jected eye was measured for up to 96 hours after injec- 
tion (until at least 90% of the initial radioactivity had 
disappeared) . An external Nal crystal detector /ratemeter 
(The Nucleus Model L) was placed directly over the eye 
and radioactivity measured for 2 minutes and recorded on 
a chart recorder. A standard curve was prepared by 
serial dilutions of the dose solution to calibrate and 
demonstrate the linearity of the detector response. The 
mean chart deflection during each recording was taken as 
25 the measurement at that time point. The first reading 
was taken immediately after injection ("zero time") and 
subsequent measurements were converted to a percentage of 
this initial amount. 

Individual radioactivity versus time data were 
recorded for each animal, and the mean values for each 
animal group (N= 4-6) were calculated. These data are 
plotted in Figures 13-16 which show the remaining 125 I-rh- 
EGF in conjunctiva as a function of time following sub- 
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conjunctival injection of (a) free EGF (Figure 13), (b) 
Composition I EGF/lip OS omes (Figure 14) , (c) Composition 

II EGF/liposomes (Figure 15), and (c) Composition III 
EGF/liposomes (Figure 16) . As seen from Figure 11, un- 

5 encapsulated EGF disappeared rapidly from rabbit eyes 

after subconjunctival injection (Fig.l) . This disappear- 
ance was first-order and had a half life of 1.0 hours 
Less than 15% of the dose remained in the eye after 3 
hours, with only 1 x .io-% expected to remain after 24 
10 hours. In contrast, EGF administered in liposome for- 
mulations disappeared much more slowly from the eye 
Formulation I (EPC/EPG) exhibited a small initial burst 
disappearance followed by first-order disappearance with 
a half-life of 14.1 hrs (Figure 11). Formulations II and 

III (EPC/EPG/CH) both exhibited a larger initial burst 
followed by a slower first-order disappearance (Formul- 
ation II half-life: 32 hrs, Formulation III half-life- 
35.6 hrs) . 

Each plot was used to calculate first order rate 
constants for EGF disappearance from the eye for each 
formulation by a non-linear least squares fitting method 
(RSTRIP, MicroMath, Salt Lake City, UT) . Where a sig- 
nificant initial burst release was observed, only the 
log-linear portion of the curve after the rapid initial 
25 phase was fitted. The calculated rate constants, half-- 
life, and % of dose in the burst release are given in 
Table 5 below. 
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Table 5 

IN VIVO PERFORMANCE OF LIPOSOME EGF FORMULATIONS 

FORMULATION 

Free I II III 

5 (No 

EGF cholesterol) (entrapped) (adsorbed) 



Rate constant 
10 hr" 1 *" 0.69 


0. 


049 


0. 


022 


0 


.019 


Half-life, hrsl.O 


14. 


1 


32. 


0 


35 


.6 


Burst Release 
% of Dose N/A 


15. 


0 


43. 


0 


57 


.0 



15 



(a) Estimated from non-linear least squares fit of 
log-linear portion of disappearance curve fol- 
= lowing initial burst (see text) . 

20 . 

Since the half-line of disappearance of free EGF was 

1.0 hr, it is reasonable to assume that the release of 
EGF from the liposomes is the rate limiting step in the 
prolonged disappearance of EGF from the eye observed in 
25 liposome-containing formulations, and that observed dis- 
appearance half -lives approximate half-lives of EGF re- 
lease from the liposomes - From the first order rate 
equation: 

A, = A 0 * e _kt or InfAJ = In (A,,)' - kt 
30 where k = 0.693 / t 1/2 , the amount of EGF lost from the 
eye during any day can be calculated. For example, the 
amount of EGF lost on day two (24-48 hrs) for Formulation 
I (k 0.049 hr _1 , A„ = 85%) is founded by taking the 
difference between A 24 and A 48 where A 24 = 85 * e" 
35 ..•«..« = 26.2 and A 4a = 85 * e" 0 ' 049 *" = 8/09. This differ- 
ence is 18.1% of the total dose administered. 

Using the first-order rate constants from Table 5, 
and estimating A,, as the total dose„ minus burst, the 
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percentage of the administered EGF dose lost on each day 
was estimated (Table 6). 



Table 6 

5 . FORMULATION 

i : '. n ' : iti — 

FREE (No 

EGF cholesterol) (entrapped) (adsorbed) 
10 %Lost : (a) " . . . 1 : 



15 



Day 1 100 73.8 63.6 

Day 2 0 18.1 14.3 

Day 3 0 5.6 8.7 

Day A 0 1.7 5.3 

20 Day 5 0 0.53 3.2 

Day 6 0 0.16 1.9 

Day 7 0 0.05 1.2 



25 



30 



35 



40 



71.8 
1C.5 
6.6 
4.1 
2.6 
1.6 
1.0 



(a) Based on first order rate constants shown in 

Table 5 (see test for details of calculations) . 
Day^l values include initial burst. Values are 
% of total dose administered. 

All three EGF/liposome compositions gave at least 1% 
per day for the first four days, and Composition II and 
ill continued to deliver this amount of EGF for up to 7 
days . 

The addition of cholesterol reduced the rate of EGF 
disappearance in liposomes, but increased the initial 
burst release (up to 57% in the first 40 minutes). This 
burst effect may be due to release of adsorbed drug from 
the outer bilayer(s) during initial in vivo destabiliza- 
tion, but it is not clear why burst release was lower 
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with the cholesterol-free formulation (I) . The effect of 
a burst release is to rapidly elevate local drug concen- 
tration after injection. Therefore f a certain degree of 
burst release may be advantageous in establishing rapid 
5 onset of action. Even though they lost more of their 
contents early, the cholesterol-containing formulations 
(II &. Ill) were able to deliver more drug on days 3 to 7 
due to their slower release rate. 

Local erythema and edema were observed in some rab- 

10 bits following administration. All of the rabbits recei- 
ving free EGF displayed redness at 90 minutes and increa- 
sing edema by the end of the study (3 hours), at which 
time they were treated with ophthalmic ointment. Follow- 
ing injection of Formulation I, all eyes appeared red- 

15 dened at 90 minutes, erythema and edema increasing to a 
maximum at 6 hours and then subsiding. Free EGF and 
Composition I contained Thimerosal and DTPA, and were not 
prepared aseptically. Composition II and III were subse- 
quently prepared aseptically without Thimerosal or DTP A. 

20 These formulations caused mild erythema in 6 of 8 rab- 
bits, but edema was observed in only one animal, indicat- 
ing reduced irritation compared with the first two for- 
mulations . 

Both Compositions II and III appeared to release EGF 
25 at approximately the same rate despite the fact that 
Composition II contained entrapped and absorbed drug 
while Composition III contained only adsorbed drug. This 
may indicate that EGF (an amphipathic peptide) is strong- 
ly adsorbed to the bilayer, as discussed in Example 3 
30 above, and that the rate limiting step in its release 
involves desorption from its membrane associated state, 
rather than "leakage" through the lipid barrier. 
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Example 7 

Positively Charged Liposome Gel Composition 
Fully hydrogenated soy PC (HSPC) were obtained from 
American Lecithin Company (Atlanta, GA) . Benzyldimethyl- 
5 stearylammonium chloride (BDSA) was obtained from Aldrich 
Chemical Company (milwaukee, WI) . 

A lipid mixture containing 32 g HSPC and 4 g BDSA 
was dissolved in 38 ml ethanol, at about 60° C. This 
lipid solution was then injected slowly, with stirring, 
10 into 500 ml of distilled water, also at 60° C. The lip'o- 
„ some suspension which was produced was cooled to room 
temperature, resulting in a substantially non-flowing 
gel . 

Although the invention has been described with re- 
spect to particular embodiments, methods, and applica- 
tions, it will be apparent that various changes and modi- 
fications can be made without departing from the inven- 
tion. 
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IT IS CLAIMED: 

1. A high-viscosity liposome gel composition 
comprising 

5 (a) a low-conductivity aqueous suspension medium 

having a selected pH between about 5.5 and 8.5, and 

(b) suspended in the medium, at a concentration of 
between about 7 to 25 weight percent total lipid, lipo- 
somes composed of (i) between about 5-50 weight percent 
10 charged vesicle-forming lipids which contribute a common 
net charge to the outer surfaces of the liposomes, at the 
selected pH, and (ii) the balance of neutral vesicle- 
forming lipids. 

15 2. The gel composition of claim 1, wherein the 1 

aqueous medium contains a zwitterionic compound whose 
isoelectric point is substantially at the selected pH. 

3. The gel composition of claim 2, wherein the 
20 zwitterionic compound is a neutral amino acid. 

4. The composition of claim 3, wherein the concen- 
tration of zwitterionic compound is such as to produce a 
substantially isotonic medium. 



25 



30 



5. The composition of claim 1, wherein the charged 
vesicle-forming lipids phosphatidylglycerol, and the 
neutral vesicle-forming lipids include phosphatidylcho- 
line . 

6. The composition of claim 5, which further in- 
cludes liposome-entrapped epidermal growth factor, and 



WO 90/09782 

54 PCT/US90/00918 

wherein the concentration of phosphatidylglycerol in the 
liposomes is between about 10-50 weight percent. 

7. The composition of claim 5, wherein the llpo- 
5 somes are composed of between 20-40 weight percent each 

of phosphatidylglycerol, phosphatidylcholine, and chole- 

sterol. 

8. The composition of claim 1, for use in applying 
10 liposomes to a mucosal tissue, wherein the charged vesi- 
cle-forming lipids are positively-charged components. 

, . . The com P° si tion of claim 8, wherein the charged 

^ _ lipids include a phosphatidylethanolamine conjugate pre- 
15 pared by derivatizing Phosphatidylethanolamine with a 

basic amino acid. 

10. The composition of claim 8, wherein the charged 
lipids includes a benzylamine lipid. 



20 



11. An epidermal growth factor (EGF) /liposome com- 
posxtion having a gel-li ke consistency, comprising 

(a) liposomes containing between 20-50 mole percent 
each of Phosphatidylcholine, phosphatidylglycerol, and 

25 cholesterol, at a total lipid concentration: of betweeh 
about 50-200 mg/g composition; 

(b) a low-conductivity aqueous medium containing a 
zwitterionic compound whose isoelectric point is between 
about pH 6-8; and ' 

30 ' (c) liposome-entrapped EFG, at a concentration 
between about 0.5 - 5 ng/ml. 
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12. A method of preparing a liposome gel composi- 
tion, comprising 

mixing a lipid composition containing between about 
5-50 weight percent charged vesicle-forming lipids having 
5 a common charge at a selected pH between about 5.5 and 
8.5, and the balance of a neutral vesicle-forming lipids 
with a low-conductivity aqueous suspension medium, at a 
total lipid concentration of between about 7-25 weight 
percent . 

10 

13. The method of claim 12, wherein the aqueous 
medium contains a zwitteribnic compound whose isoelectric 
point is between about pH 5.5 and 8.5. 

!4. The method of claim 13, wherein said mixing 
includes adding the lipid composition to an aqueous medi- 
um whose pH is substantially different from the isoelec- 
tric point of the zwitterionic compound, thereby to form 
a substantially fluidic liposome suspension, and adjust- 
20 ing the pH of the suspension to the isoelectric point of 
the zwitterionic compound, to produce the desired gel- 
like suspension. 

15. The method of claim 14, which further includes 
25 processing the relatively fluidic liposome suspension to 
achieve a desired liposome size change prior to said ad- 
justing. 



30 



16. A method of forming an epidermal growth factor 
(EGF) /liposome composition having a gel-like consistency, 
comprising 
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u U) Pr ° Vidin 9 a li P i d mixture containing neutral 
Phospholipid, between 10-50 weight percent negatively 
charged phospholipid and EGF; and 

^ < b > 3u Spending (i, the lipid mixture to a final 
. IWd conc entration between about 50-200 rug/ml, and (ii, 
EGF, to a final EGF concentration of between about 0 1 
and 10 ng/ml, in a low-conductivity aqueous medium con- 
taining a zwitterionic compound having an isoelectric 
point between pH 5.5-8.5. 



10 
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20 



add.rt \ t ° f Claim U ' Where±n Said Peptide is 

and the l rmat±0n ^ ^ *<™ 

and the polypeptide is predominantly adsorbed to the 

liposome surfaces. 

18. A method of treating a wound or surgical in- 
cision with a sustained release dose of epidermal growth 

factor (EGF) , y 

providing a high-viscosity liposome composition 
comprising (a) EGF/liposomes <i, containing neutral phos- 
pholipid, a t least about 10 weight percent negatively 
charged phospholipid, and liposome-entrapped EGF, and 
<ii) having a lipid-concentration of less than about 200 
■ _ mg/g composition and a pH between 5.5 and 8.5 and (b) 

means for imparting a high composition viscosity selected 
from the group consisting of (i, an low-conductivity 
aqueous medium containing a zwitterionic compound having 
an isoelectric point between 5.5 and 8.5; and ,ii, empty 
^ liposomes which are substantially free of negatively 
30 charged phospholipid and liposome entrapped EGF, and 

applying the composition to the wound or incision 

sice . 
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19. The method of claim 18, for treatment of surgi- 
cal incision, wherein the composition is applied between 
surgical incision layers. 

5 20. The method of claim 19, for treatment of oph- 

thalmic surgical incisions involving both corneal and 
conjunctiva incisions, wherein the composition is injec- 
ted to the space between the cornea and conjunctiva, 
after resuturing the conjunctiva. 
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